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PLEASANT AND RIDDLES LAKES WATERSHED DIAGNOSTIC STUDY
ST. JOSEPH COUNTY, INDIANA

EXECUTIVE SUMMARY

Pleasant and Riddles Lakes are 29-acre and 77-acre (11.7-ha and 31.2-ha) lakes, respectively that lie south of
Lakeville in St. Joseph County, Indiana. The lakes lie in the headwaters of the Yellow River Basin which
carries water south and west to the Kankakee River. The Pleasant and Riddles Lakes watershed encompasses
approximately 7,730 acres (3,129 ha). Most of the watershed (68%) is utilized for agricultural purposes (row
crops, hay, and pasture). Remnants of the native landscape, including forested areas and wetlands, cover
approximately 20% of the watershed, while residential and commercial land uses account approximately 10%
of the watershed’s total acreage. Pleasant and Riddles lakes cover an additional 2% of the total watershed.

Pleasant Lake has two primary tributaries, Heston and Bunch ditches. Heston Ditch during base flow and
Bunch Ditch during storm flow delivered the highest load of pollutants to the watershed lakes. Both streams
possessed poor biotic communities, with the macroinvertebrate community integrity scores reflecting the
ditches poor water quality. Heston and Bunch ditches’ biotic communities fell in the “moderately impaired”
category using the Indiana Department of Environmental Management’s scoring criteria. Of greatest concern
in Bunch Ditch were the stream’s low dissolved oxygen and elevated E. ¢/, total phosphorus, and total
Kjeldahl nitrogen concentrations, which were all outside the recommended criteria or applicable state
standards during the base flow monitoring event.

Riddles Lake has two primary tributaries, Heston and Walters ditches. Walters Ditch exhibited poor water
quality during base flow, or “normal”, conditions and high E. ¢/, total phosphorus, and total suspended
solids concentrations during storm flow conditions. The stream’s biotic community integrity score reflected
its moderate water quality; Walters Ditch’s biotic community fell in the “slightly impaired” category using the
Indiana Department of Environmental Management’s scoring criteria. Of greatest concern were the stream’s
low dissolved oxygen and elevated E. co/, total phosphorus, and nitrate-nitrogen concentrations, which were
all outside the recommended criteria or applicable state standard during both base and storm flow monitoring
events.

Pleasant and Riddles lakes themselves are productive. Historical data for the lakes suggest that water quality
has changed little within the lakes over the past 25 years. During the current assessment, the lakes possessed
poorer water clarity and higher nutrient levels than most Indiana lakes. Evaluating the lakes using various
trophic state indices suggest the lakes are eutrophic to hypereutrophic in nature. The lakes also support a
limited submerged plant community that includes two exotic species, Eurasian water milfoil and curly-leaf
pondweed. Also of concern is the predominance of gizzard shad in the lakes. However, the lakes continue to
offer good fishing opportunities.

Improving water quality in Pleasant and Riddles lakes will require both in-lake and watershed management.
The lakes possess extremely short hydraulic residence times measuring 0.08 years (29.2 days) for Pleasant
Lake and 0.11 years (40 days) for Riddles Lake. The results of the inlet sampling and the phosphorus
modeling indicate the watershed is capable of contributing significant amounts of nutrient and sediment to
the lake, making good watershed management a necessity. The lakes’ relatively large watershed area to lake
area ratio of 192:1 for Pleasant Lake and 99:1 for Riddles Lake suggests near watershed practices have
substantial control over influencing the health of these lakes.

Recommended watershed management techniques include: wastewater treatment plant maintenance, erosion
control practices for existing and future developments, homeowner best management practices, wetland
restoration, use of the Conservation Reserve Program and conservation tillage, and livestock restriction. Area
stakeholders are encouraged to develop a comprehensive lake management plan for the lakes. This plan
should include a rooted plant management section to protect the plant community’s health.
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PLEASANT AND RIDDLES LAKES WATERSHED DIAGNOSTIC STUDY
ST. JOSEPH COUNTY, INDIANA

1.0 INTRODUCTION

Pleasant and Riddles Lakes are 29-acre and 77-acre (11.7-ha and 31.2-ha) lakes, respectively that lie
in the south central portion of St. Joseph County, Indiana (Figure 1). Specifically, Pleasant Lake is
located in Michigan Range LLand 1 (MRL 1) and Riddles Lake in Sections 2 and 11 of Township 35
North, Range 2 East in St. Joseph County. The Pleasant and Riddles lakes watershed stretches out to
the north and west of the lakes encompassing 7,731 acres (3,129 ha; Figure 2). Water flows from
Pleasant Lake to Riddles Lake before discharging out of Riddles Lake’s outlet in the southeast
corner of the lake to Stock Ditch. Water from Stock Ditch combines with drainage from the East
Fork Bunch Ditch and the West Fork Bunch Ditch before flowing into the Yellow River southwest
of Bremen. The Yellow River transports water south and west to the Kankakee River which
eventually discharges water to the Illinois River in northeast Illinois. Pleasant and Riddles lakes
watershed runoff eventually reaches the Mississippi River in southern Illinois.
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Figure 1. General location of the Pleasant and Riddles lakes watershed. Source DeLorme, 1998.
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Pleasant and Riddles lakes have historically exhibited moderately poor water quality characteristic of
highly productive (eutrophic) lakes. The lakes’ water clarity has fluctuated over the past 30 to 40
years but has ultimately changed little over time. Both Pleasant and Riddles lakes possess relatively
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poor clarity when compared to other lakes in the region. Historical records indicated that both lakes
possess Secchi disk transparencies (a measure of water clarity) poorer than 3 feet (0.9 m). These data
indicate that current water quality in both lakes is poorer than the regional median of less than 6 feet
(1.8 m) (Giolitto, 2002). Current transparencies measure 2.3 feet (0.7 m) in both lakes. Pleasant and
Riddles lakes also possess extremely high total phosphorus concentrations measuring 0.408 mg/L
and 0.554 mg/L throughout the water column, respectively. Total phosphorus concentrations are
elevated compared to the statewide and regional median values (Clean Lakes Program data files,
unpublished; Giolitto, 2002; CLP data files, 2005). Primary productivity of the lake (algae and plant
growth) has been relatively high as well. Chlorophyll 2 concentrations (an indicator of algae

production) were greater than 148 pg/L in 2004 and 37 pg/L in 2005 in Pleasant Lake, likewise,

chlorophyll # concentrations were greater than 101 pg/L in 1999 and 44 pg/L in 2005 in Riddles
Lake. Concentrations this high are typical of hypereutrophic lakes.

Poor water clarity, low dissolved oxygen levels, and elevated nutrient concentrations coupled with
the presence of a high percentage of gizzard shad within both Pleasant and Riddles lakes contributes
to the moderate fishing quality of the lakes. Bluegill and gizzard shad have been co-dominant
members of the Pleasant Lake fishery since IDNR surveys began at the lake in 1972. Largemouth
bass are a minor component of the Pleasant Lake fishery. Despite the pressure from gizzard shad
competition, the Pleasant Lake fishery maintains its good quality. However, the predominance of
gizzard shad in Riddles Lake coupled with elevated nutrient concentrations and poor water clarity
indicates that Riddles Lakes fishery may be declining. Continued management of the fishery through
the introduction of largemouth bass and control of gizzard shad populations should improve the
fishery quality and assist the Conservation Club in maintaining a high quality fishery.

The composition and structure of Pleasant and Riddles lakes’ rooted plant communities indicate that
water quality within the lakes is equitable with what the water chemistry data indicate. Both lakes are
dominated by a mix of emergent, floating, and submerged species including Eurasian watermilfoil,
coontail, curly-leaf pondweed, spatterdock, filamentous algae, watermeal, duckweed, and purple
loosestrife. These species are common in lakes with poor water clarity and elevated nutrient
concentrations. In fact, many of these species consume nutrients directly from the water column. In
total, 40 aquatic plant species cover nearly 37% of Riddles Lake’s surface area, while 26 species
cover nearly 60% of Pleasant Lake’s surface area.

Lakeville and shoreline residents and Lakeville Conservation Club members have been proactive in
protecting their lakes’ health. Residents have worked on their own and with natural resource
agencies to try to treat problems in the lake and its watershed. Lakeville installed a sewer system and
treatment plant, eliminating septic systems in the town and other drainage that use to be directed
toward the lakes to help improve the water quality. Residents in the Walters Ditch subwatershed
have also implemented water quality improvement projects suggested by IDNR Resource
Specialists. Other individual watershed property owners have placed land in Conservation Reserve
Program set-asides and installed grassed waterways to reduce sediment transport from the watershed
to Pleasant and Riddles lakes. While these practices have slowed the import of sediment to Pleasant
and Riddles lakes from their watershed and the conversations have sparked the interest of watershed
residents, members of the Lakeville Business Owners Association (LaBOA) have identified
additional areas of concerns. Lake residents have also expressed a desire to learn about practices the
can be implemented on residential properties that might improve the lake’s water quality. To
achieve these goals, the LaBOA applied for and received funding from the IDNR Lake and River
Enhancement Program (LARE) to complete a diagnostic study of the lake.
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The purpose of the diagnostic study was to describe the conditions and trends in Pleasant and
Riddles lakes and their watershed, identify potential problems, and make prioritized
recommendations addressing these problems. The study consisted of a review of historical studies,
interviews with lake residents and state/local regulatory agencies, the collection of cutrent water
quality data, pollutant modeling, and field investigations. In order to obtain a broad understanding
of the water quality in Pleasant and Riddles lakes and the water entering the lakes, the diagnostic
study included an examination of the lake and inlet stream water chemistry and their biotic
communities (macroinvertebrates, plankton, macrophytes) which tend to reflect the long-term
trends in water quality. Additionally, Fites Lake, an undeveloped lake located in the watershed, was
also sampled to provide a comparison of water quality. The lakes and inlet streams’ habitat were also
assessed to help distinguish between water quality and habitat effects on the existing biotic
communities. This report documents the results of the study.

2.0 WATERSHED CHARACTERISTICS

2.1 Topography and Physical Setting

Pleasant and Riddles Lakes are headwaters lakes in the Mississippi River Basin. The lakes and their
7,731-acre (3,128-ha) watershed lie south of the north-south continental divide. Similar to its more
famous cousin, the east-west Continental Divide which divides the United States into two
watersheds, one that drains to the Atlantic Ocean and one that drains to the Pacific Ocean, the
north-south continental divide separates the Mississippi River Basin (land that drains south to the
Mississippi River) from the Great Lakes Basin (land that drains north to the Great Lakes). As part of
the Mississippi River Basin, water from Pleasant and Riddles Lakes flows south out of St. Joseph
County into the Yellow River. The Yellow River flows into the Kankakee River which eventually
discharges into the Illinois River near Kankakee, Illinois. The Illinois River converges with the
Mississippi River in southern Illinois.

The topography of the Pleasant and Riddles Lakes watershed reflects the geological history of the
watershed. The highest areas of the watershed lie along the watershed’s southern and western edges,
where the Saginaw Lobe of the last glacial age left end moraines. Along the watershed’s western
boundary, the elevation nears 900 feet (274.3 m) above mean sea level. The ridge along the
watershed’s southwestern boundary is equally as high, but is much steeper than the ridge along the
western watershed boundary. The highest point in the watershed corresponds with other recorded
high elevations including St. Joseph County’s highest point (900 feet or 274.3 m above sea level)
which is located within Bendix Woods (Historical Preservation Society, 2000). Heston Ditch and its
floodplain, including Fites Lake, occupy a lower elevation valley in the watershed. Pleasant and
Riddles Lakes, elevation 818 feet (249.3 m) above mean sea level, are the lowest points in the
watershed. Figure 3 presents a topographical relief map of the Pleasant and Riddles Lakes
watershed.
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2.1.1 Riddles Lake

Surface water drains to Riddles Lake via three primary routes. Heston Ditch drains approximately
5,987 acres (2,223 ha) northwest of Riddles Lake (Table 1). This stream empties into Riddles Lake in
the lake’s northwest corner after trailing through Pleasant Lake. Walters Ditch transports water from
the southwestern portion of the watershed to Riddles Lake along Rockstroh Road. This stream
drains approximately 977 acres (395 ha or 13%) of the Riddles Lake watershed. The remainder of
the land in the Riddles Lake watershed (767 acres or 310 ha) drains directly to Riddles Lake. Figure 4
illustrates the boundaries of each of the three subwatersheds of Riddles Lake.

Table 1. Watershed and subwatershed sizes for the Riddles Lake watershed.

Subwatershed/Lake Area Area Percent of Watershed
(acres) (hectares)

Heston Ditch 5,986.8 2,422.8 77.5%

Walters Ditch 977.6 395.6 12.6%

Area Draining Directly to Riddles Lake 689.8 279.3 8.9%

Watershed Draining to Lake 7,654.2 3,097.5 99%

Riddles Lake 77 31.2 1%

Total Watershed 7,731.2 3,128.7 100%

Watershed to Lake Area Ratio 99:1

Table 1 also provides the watershed area to lake area ratio for Riddles Lake. Watershed size and
watershed to lake area ratios can affect the chemical and biological characteristics of a lake. For
example, lakes with large watersheds have the potential to receive greater quantities of pollutants
(sediments, nutrients, pesticides, etc.) from runoff than lakes with smaller watersheds. For lakes with
large watershed to lake ratios, watershed activities can potentially exert a greater influence on the
health of the lake than lakes possessing small watershed to lake ratios. Conversely, for lakes with
small watershed to lake ratios, shoreline activities and internal lake processes may have a greater
influence on the lake’s health than lakes with large watershed to lake ratios.

Riddles Lake possesses a watershed area to lake area ratio of approximately 99:1. This is a fairly
large watershed area to lake area ratio for glacial lakes (Vant, 1987). This ratio is also relatively large
compared to other lakes in the area. For example, Lake of the Woods, which has a similarly sized
watershed, possesses a watershed area to lake area ratio of approximately 15:1. Likewise, Lawrence
Lake, which is similar in size to Riddles Lake, has a watershed area to lake area ratio of
approximately 5:1. Conversely, Lake Tippecanoe, Ridinger Lake, and Smalley Lake, glacial lakes in
the Upper Tippecanoe River watershed in Kosciusko, Noble, and Whitley Counties, possess
watershed area to lake area ratios of 93:1, 165:1, and 248:1, respectively. All of these lakes have
extensive watersheds compared to Riddles Lake. Riddles Lake’s watershed area to lake area ratio is
well above the typical ratio for glacial lakes. Many glacial lakes have watershed area to lake area ratios
of less than 50:1 and watershed area to lake area ratios on the order of 10:1 are fairly common.
Riddles Lake’s watershed area to lake area ratio is more typical of reservoirs, where the watershed
area to reservoir area ratio typically ranges from 100:1 to 300:1 (Vant, 1987).
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In terms of lake management, Riddles Lake’s large watershed area to lake area ratio means that
watershed and near lake (i.e. shoreline) activities and processes can potentially exert a significant
influence on the health of Riddles Lake. Consequently, implementing best management practices
within the lake’s watershed should rank high when prioritizing management options. Similarly, near
shore management practices, such as maintaining native, emergent vegetated buffers between the
lakeside residences and the lake, should receive special attention. This does not mean that in-lake
management should be ignored. However, the relatively large watershed area to lake area ratio
should be considered when prioritizing the use of limited funds for lake management.

2.1.2 Pleasant Lake

Surface water drains to Pleasant Lake via three primary routes. Heston Ditch drains approximately
4,305 acres (1,742 ha) north and west of Pleasant Lake (Table 2). This stream empties into Pleasant
Lake along the lake’s northern shoreline. Bunch Ditch transports water from the eastern portion of
the watershed including drainage from a majority of Lakeville and Fites Lake to Pleasant Lake. This
stream drains approximately 1,161 acres (470 ha or 21%) of the Pleasant Lake watershed. The
remainder of the land in the Pleasant Lake watershed (137 acres or 55.6 ha) drains directly to
Pleasant Lake. Figure 5 illustrates the boundaries of each of the three subwatersheds of Pleasant
Lake.

Table 2. Watershed and subwatershed sizes for the Pleasant Lake watershed.

Subwatershed/Lake Area Area Percent of Watershed
(acres) (hectares)

Heston Ditch 4,305.5 1742.4 76.8%

Bunch Ditch 1,160.7 469.7 20.7%

Directly to Pleasant Lake 108.4 43.9 1.9%

Watershed Draining to Lake 5,574.7 2,256.0 99.4%

Pleasant Lake 29 11.7 0.6%

Total Watershed 5,603.7 2,268.7 100%

Watershed to Lake Area Ratio 192:1

Like Riddles Lake, Pleasant Lake possesses a relatively large watershed area to lake area ratio (192:1).
This is a fairly large watershed area to lake area ratio for glacial lakes. Pleasant Lake’s watershed area
to lake area ratio is more typical of reservoirs, where the watershed area to reservoir area ratio
typically ranges from 100:1 to 300:1 (Vant, 1987). In terms of lake management, Pleasant Lake’s
large watershed area to lake area ratio means that watershed activities and processes can potentially
exert a significant influence on the health of Pleasant Lake. Consequently, implementing best
management practices within the lake’s watershed should rank high when prioritizing management
options. This does not mean that in-lake or near-shore management should be ignored. However,
the relatively large watershed area to lake area ratio should be considered when prioritized the use of
limited funds for lake management.
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2.2 Climate

2.2.1 Indiana Climate

Indiana’s climate can be described as temperate with cold winters and warm summers. The National
Climatic Data Center summarizes Indiana weather well in its 1976 Climatology of the United States
document no. 60: “Imposed on the well known daily and seasonal temperature fluctuations are
changes occurring every few days as surges of polar air move southward or tropical air moves
northward. These changes are more frequent and pronounced in the winter than in the summer. A
winter may be unusually cold or a summer cool if the influence of polar air is persistent. Similarly, a
summer may be unusually warm or a winter mild if air of tropical origin predominates. The action
between these two air masses of contrasting temperature, humidity, and density fosters the
development of low-pressure centers that move generally eastward and frequently pass over or close
to the state, resulting in abundant rainfall. These systems are least active in midsummer and during
this season frequently pass north of Indiana” (National Climatic Data Center, 1976). Prevailing
winds in Indiana are generally from the southwest but are more persistent and blow from a northerly
direction during the winter months.

2.2.2 Pleasant and Riddles Lakes Watershed Climate

The climate of St. Joseph County is characteristic of northern Indiana possessing warm summers
and cold and snowy winters. However, St. Joseph County climate is modified by the presence and
location of Lake Michigan, which generally results in increased cloudiness and snow and rainfall and
reduced temperature extremes in both the summer and winter than occurs in counties further south
or west. Winters in St. Joseph County typically provide enough precipitation, in the form of snow, to
supply the soil with sufficient moisture to minimize drought conditions when the hot summers
begin. Winters are cold in St. Joseph County, averaging 35° F (1.5° C), while summers are warm,
averaging 83° I (28.3° C). St. Joseph County’s highest recorded temperature was 109° F (42.8° C)
on July 24, 1934. Mild drought conditions occur occasionally during the summer when evaporation
is highest. Historic data from 1921 to 1960 suggest that the growing season (defined as days with an
air temperature higher than 40° F or 4.4° C) in St. Joseph County is typically 166 days long (Benton,
1977). The last day of freezing temperatures in spring usually occurs around May 3, while the first
freezing temperature in the fall occurs around October 16. The average annual precipitation is 39.7
inches (100.8 cm). Table 3 displays average annual precipitation data for St. Joseph County as well as
precipitation data for 2005. In total, more than 9 inches (22.8 cm) less precipitation fell in St. Joseph
County in 2005 than did in the 30-year period of record.

Table 3. Monthly rainfall data for year 2005 as compared to average monthly rainfall.
Current data (2005) is based on rainfall as measured in North Liberty, Indiana; averages are
based on available weather observations taken during the years of 1971-2000.

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept | Oct | Nov | Dec | Total

2005 6271249 | 1.86 | 1.14 | 1.11 | 2.36 | 3.27 | 2.61 | 5.00 | 1.03 | 2.60 | 0.65 | 30.39

St. Joseph | 2.27 | 1.98 | 2.89 | 3.62 | 350 | 419 | 3.73 | 398 | 3.79 | 3.27 | 3.39 | 3.09 39.70

Source: Purdue Applied Meteorology Group, 2005.

Although, precipitation amounts for 2005 approximate normal amounts for St. Joseph County over
the 30-year period from 1971 to 2000, total precipitation was nearly 9 inches (22.8 c¢cm) below
normal for the Pleasant and Riddles lakes watershed. The National Weather Service indicated that
the summer of 2005 was warmer and drier than is typical for much of northern Indiana (Hitchcock,
2005). Dry weather in the spring led to lower than normal soil moisture content. This, coupled with

%FNEW Page 10

File #04-08-40/00




Pleasant and Riddles Lakes Watershed Diagnostic Study May 1, 2006
St. Joseph County, Indiana

persistent warm, humid air masses that migrated into northern Indiana, created a situation where
heat from the sun warmed the ground and air rather than evaporating moisture from the soil’s
surface. Additionally, the majority of precipitation events throughout the summer occurred as
thunderstorms, which creates extremely variable rainfall total across northern Indiana. The National
Weather Service (2005) documented a drought that covered northern Indiana for much of the
summer (Figure 6). For South Bend, temperatures averaged 2.9 degrees higher than normal and
ranked as the fifth warmest summer on record since 1939. June averaged 4.8 degrees above normal
and ranked as the 3" warmest June on record, while July averaged 1.5 degrees above normal or the
14™ warmest July on record. August averaged 2.3 degrees above normal and ranked as the 11"
warmest August on record. Precipitation followed similar patterns with 2.12 inches (5.4 cm) less rain
than normal in June, 0.27 inches (0.7 cm) less rain than normal in July, and 1.78 inches (4.5 cm) less
rain than normal in August (Hitchcock, 2005). Stream channels were relatively low all summer
within the Pleasant and Riddles Lakes watershed.

Precipitation Departure from Normal March 1 to June 30 2005

Project

Location

-85

-10
Inches

Figure 6. Drought conditions present in northern Indiana in 2005.
Source: National Weather Service, 2005.

2.3 Geology

The advance and retreat of the glaciers in the last ice age shaped much of the landscape observed in
Indiana today. As the glaciers moved, they laid thick till material, or ground moraine, over much of
the northern two thirds of the state. This ground moraine left by the glaciers covers much of the
central portion of the state. In the northern portion of the state, ground moraines, end moraines,
lake plains, and outwash plains create a more geologically diverse landscape compared to the central
portion of the state. End moraines, formed by the layering of till material when the rate of glacial
retreat equaled the rate of glacial advance, add topographical relief to the landscape. Distinct glacial
lobes, such as the Michigan Lobe, Saginaw Lobe, and the Erie Lobe, left several large, distinct end
moraines, including the Valparaiso Moraine, the Maxinkuckee Moraine, and the Packerton Moraine,
scattered throughout the northern portion of the state. Glacial drift and ground moraines cover
flatter, lower elevation terrain in northern Indiana. Major rivers in northern Indiana cut through
sand and gravel outwash plains. These outwash plains formed as the glacial meltwaters flowed from
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retreating glaciers, depositing sand and gravel along the meltwater edges. Lake plains, characterized
by silt and clay deposition, are present where lakes existed during the glacial age.

Several glacial lobes rather than a single sheet of ice covered northern Indiana during the last glacial
age. During the last Wisconsin Age, the Saginaw, Huron/Erie, and Michigan lobes covered much of
St. Joseph County. The movement, stagnation, and melting of the Saginaw Lobe of the Wisconsin
glacial age is largely responsible for the landscape covering the eastern portion of the Pleasant and
Riddles Lakes watershed. The Saginaw glacial lobe moved out of Canada toward the southwest
carrying a mixture of Canadian bedrock with it. This lobe traveled as far as approximately five miles
south of South Bend before moving southeast across Indiana (Montgomery, 1929). The Packerton
and Maxinkuckee moraines mark the extent of the Saginaw Lobe’s coverage in northern Indiana.
The Michigan Lobe extended east from present day Lake Michigan and overlapped the
northwestern corner of St. Joseph County. The Huron/Erie Lobe moved west across northern St.
Joseph and Elkhart Counties before moving south along the western St. Joseph and Marshall
County lines, then turned east at Logansport, Indiana. The Huron/Erie Lobe is responsible for the
range of steep peaks which begin south of South Bend and extend along the western boundary of
the Pleasant and Riddles Lakes watershed (Montgomery, 1929). This ridge, which separates the
Pleasant and Riddles Lakes watershed from the Potato Creek-Pine Creek watershed, is part of the
end moraine left by the Huron/Erie Lobe. Gullies and rugged topography ate common along this
ridge where some areas are prone to elevation changes of greater than 100 feet (Brown, 2003).
Ultimately, the Maxinkuckee Moraine formed when the Huron/Erie and Saginaw Lobes stalled
during their last northeasterly retreat (Wayne, 1966). Movement of the Michigan Lobe may have
influenced the moraine’s formation as well (IDNR, 1990). (Figure 3 shows the areas of greater relief
(in orange) associated with the end moraines along the watershed’s northern and western
boundaries.) A complex mix of glacial silt and clay loam till, mixed drift, and undifferentiated
outwash materials lies east of the Maxinkuckee Moraine and covers much of the Pleasant and
Riddles Lakes watershed (Figure 7).

Following the retreat of the Wisconsin Age glaciers, water from this outwash plain drained north
through an old valley full of silt (Montgomery, 1929). A historical drainage near present day Heston
Ditch carried water north toward the Kankakee River Valley (Montgomery, 1929). Water flowed
underneath the thick glacial till and outwash material created by the Maxinkuckee Moraine forming
peat and muck layers six to ten feet deep (Montgomery, 1929). The formation of this peat coupled
with other hydrological changes, including the formation of Heston Ditch, which started as a series
of ice blocks that subsequently melted and eventually combined to form the channel (Brown, 2003),
eventually directed flow from the Pleasant and Riddles LLakes watershed south to the Yellow River.
Pleasant, Riddles, and Fites lakes formed as kettle lakes within the peat-covered, outwash plain.
Ultimately, the lakes are underlain by fine-grained sediment and could be short-lived due to peat
accumulation (Brown, 2003).
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The geology and resulting physiography of the Pleasant and Riddles Lakes watershed typify the
physiographic region in which the watershed lies. The Pleasant and Riddles Lakes watershed lies
within Malott’s Northern Moraine and Lakes Region. Specifically, the watershed lies within the
Steuben Morainal Lake Area (Schneider, 19606). Schneider (1966) notes that the landforms common
in this diverse physiographic region include till knobs and ice-contact sand and gravel kames, kettle
holes and lakes, meltwater channels lined with outwash deposits or organic sediment, valley trains,
outwash plains, and small lacustrine plains. Many of these landforms are visible on the Pleasant and
Riddles Lakes watershed. Pleasant and Riddles lakes are good examples of kettle lakes that formed in
glacial outwash. The flat area extending northwest and southeast of the lakes likely demarcate the
extent of an original waterbody that covered much of the watershed many years ago. This waterbody
has since been reduced to Pleasant and Riddles lakes. As will be discussed in the Soils Section,
Houghton muck, a common soil type of aged lakes, is the dominant soil type in this area lending
evidence to the idea that this area was once part of a larger lake. Till knobs and kames occur along
the watershed’s northeastern and northwestern edges. Many other reminders of the watershed’s
geologic history exist.

The bedrock underlying the watershed’s surficial geology is part of the Kankakee Arch. The
Kankakee Arch is an upward bow which separates the Lake Michigan Basin to the north from the
Kankakee River Basin to the south (IDNR, 1990). The bedrock of the Kankakee Arch underlying
the Pleasant and Riddles Lakes watershed is likely Ellsworth shale from the Devonian Period. This
shale covers the entire watershed and much of St. Joseph County (Gutschick, 1960).

2.4 Soils

The soil types found in St. Joseph County are a product of the original parent materials deposited by
the glaciers that covered this area 12,000 to 15,000 years ago. The main parent materials found in St.
Joseph County are glacial outwash and till, lacustrine material, alluvium, and organic materials that
were left as the glaciers receded. The interaction of these parent materials with the physical,
chemical, and biological variables found in the area (climate, plant and animal life, time, landscape
relief, and the physical and mineralogical composition of the parent material) formed the soils of St.
Joseph County today.

Pleasant and Riddles Lakes watershed’s geological history described in the previous section
determined the soil types found in the watershed and is reflected in the major soil associations that
covers the Pleasant and Riddles Lakes watershed (Figure 8). Before detailing the major soil
associations covering the Pleasant and Riddles Lakes watershed, it may be useful to examine the
concept of soil associations. Major soil associations are determined at the county level. Soil
scientists review the soils, relief, and drainage patterns on the county landscape to identify distinct
proportional groupings of soil units. The review process typically results in the identification of eight
to fifteen distinct patterns of soil units. These patterns are the major soil associations in the county.
Each soil association typically consists of two or three soil units that dominate the area covered by
the soil association and several soil units that occupy only a small portion of the soil association’s
landscape. Soil associations are named for their dominant components. For example, the Riddles-
Miami-Crosier association consists primarily of Riddles loam, Miami loam, and Crosier loam.
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Figure 8. Soil associations in the Pleasant and Riddles Lakes watershed.
Source: See Appendix A. Scale: 17=4,000".

Benton (1977) maps two soil associations in the Pleasant and Riddles Lakes watershed: the Riddles-
Miami-Crosier soil association and the Houghton-Adrian-Palms soil association (Figure 8). Both soil
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associations are characteristic of morainal areas in St. Joseph County, such as the Maxinkuckee
Moraine. Soils in these associations developed from glacial till parent materials. The Riddles-Miami-
Crosier soil association covers the largest portion of the Pleasant and Riddles Lakes watershed. This
association is the third most common association in St. Joseph County covering approximately 11%
of the county. The Houghton-Adrian-Palms soil association reflects the path of Heston Ditch
covering the length of the stream channel and surrounding Pleasant, Fites, and Riddles lakes. The
Houghton-Adrian-Palms soil association is slightly less common throughout St. Joseph County than
the Riddles-Miami-Crosier association. The Houghton-Adrian-Palms soil association covers
approximately 10% of the county.

As indicated above, the Riddles-Miami Crosier association is relatively common in St. Joseph
County, covering approximately 11% of the county. This association covers the northeastern and
southwestern portions of the Pleasant and Riddles Lakes watershed. This soil association is
characterized by well drained to somewhat pootly drained soils that formed on till plains. Riddles
soils account for 44% of the soils in this association, while Miami and Crosier soils account for 14%
and 12%, respectively. All three soils possess moderately fine textured loam surface layers overlying
clay loam and loam subsoils. Minor components of this soil association include Brookston loam,
Hillsdale sandy loam, Martinsville loam, Rensselaer loam, and Whitaker loam soils. Erosion is a
concern with the Riddles and Miami portions of this soil association on steeply sloped areas, while
wetness is the greatest limitation associated with Crosier soils. Utilizing winter crops or maintaining
crop residues improves organic matter retention and reduces soil erosion. Like many of the soil
association located within St. Joseph County, the Riddles-Miami-Crosier association is moderately to
severely limited for septic system usage. Severe limitations occur on Riddles and Miami soils with
slopes greater than 12% and within all Crosier soils, which possess a seasonal high water table and
moderate to slow permeability.

The Houghton-Adrian-Palms soil association borders the shorelines of Pleasant and Riddles Lake
extending northwest and southeast along the mainstem of Heston Ditch. Very poorly drained, nearly
level muck soils dominate the Houghton-Adrian-Palms soil association. These soils developed from
partially decaying organic matter that accumulated in depressional areas on lake plains and till plains.
Generally, Houghton soils account for 36% of the association, while Adrian soils cover 34% of the
association. Palms soils account for an additional 10% of the association. Minor components of the
association include Edwards muck, Maumee mucky loamy sand, and Rensselaer mucky loam.
Houghton soils are deep with black and reddish-brown muck extending to a depth of 45 inches
(114.3 cm) or more. Adrian soils contain layers of muck and sand overlying fine sand. Palms soils
possess muck, loam, and clay loam layers which lie over sandy loam subsoil. When drained, soils in
this association can be utilized for agriculture. Typically, corn or soybeans are grown on soils of the
Houghton-Adrian-Palms soil association; however, specialty crops, such as cabbage, onions, mint, or
potatoes, are also grown on this association throughout the county. Soils in this association have
severe limitations for use as septic system absorption fields due to wetness, while wind erosion limits
the usability of these soils for row crop agriculture when drained.

Soils in the watershed, and in particular their ability to erode or sustain certain land use practices, can
impact the water quality of lakes and streams in the watershed. The dominance of Riddles and
Miami soils across the Pleasant and Riddles Lakes watershed suggests much of the watershed is
prone to erosion; common erosion control methods should be implemented when the land is used
for agriculture or during residential development to protect waterbodies in the Pleasant and Riddles
Lakes watershed. Areas immediately adjacent to Pleasant and Riddles Lakes or located outside of the
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incorporated boundaries of Lakeville are most likely to be developed for residential use, or could be
in the future. Even with the close proximity of Lakeville, the closest town which maintains a sewer
system, septic systems will likely be used to treat residential waste around the developed areas
adjacent to Pleasant and Riddles Lakes. The coupling of moderate to high density residential land
use with soils that are poorly suited for treating septic tank effluent is of concern for water quality in
the Pleasant and Riddles Lakes watershed. More detailed discussion of highly erodible soils and soils
used to treat septic tank effluent in the Pleasant and Riddles Lakes watershed follows below.

2.4.1 Highly Erodible Soils

Soils that erode from the landscape are transported to waterways where they degrade water quality,
interfere with recreational uses, and impair aquatic habitat and health. In addition, such soils carry
attached nutrients, which further impair water quality by increasing production of plant and algae
growth. Soil-associated chemicals, like some herbicides and pesticides, can kill aquatic life and
damage water quality.

Highly erodible and potentially highly erodible are classifications used by the Natural Resources
Conservation Service (NRCS) to describe the potential of certain soil units to erode from the
landscape. The NRCS examines common soil characteristics such as slope and soil texture when
classifying soils. The NRCS maintains a list of highly erodible soil units for each county. Table 4
lists the soil units in the Pleasant and Riddles Lakes watershed that the NRCS considers to be highly
erodible and potentially highly erodible.

Highly erodible and potentially highly erodible soil units cover portions of the Pleasant and Riddles
Lakes watershed. Riddles, Martinsville, Miami, Oshtemo, and Hillsdale complex soils cover isolated
pockets of the watershed. Areas of the watershed that are mapped in these soil units and have gentle
slopes are considered moderately limited for agricultural production. As slope increases, the severity
of the limitation increases. Some steeply sloped Oshtemo, Riddles, and Hillsdale soils are considered
unsuitable for agricultural production due to erosion hazard. The erosion hazard likely also applies
to residential development on these soils.

As Figure 9 indicates, potentially highly erodible soils cover approximately 13% (1,037.7 acres or
419.9 ha) of the Pleasant and Riddles Lakes watershed. This acreage is spread throughout the
watershed and, in many cases, borders the floodplain of Heston Ditch. Highly erodible soil exists on
approximately 242 acres (97.59 ha or approximately 3%) of the watershed. Highly erodible soils are
generally located adjacent to Heston Ditch’s floodplain northwest of Lakeville. A few small patches
of highly erodible soils are also located west and southwest of Riddles Lake. Additionally, a small
portion of the southwestern shoreline of Riddles Lake is mapped as highly erodible or potentially
highly erodible. It is especially important that best management practices (BMPs) are utilized during
residential development projects along this portion of the shoreline. This will ensure that erosion
along this shoreline remains minimal.
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Table 4. Highly erodible and potential highly erodible soils units in the Pleasant and
Riddles Lakes watershed.

Soil Unit Status | Soil Name Soil Description
HknC2 PHES | Hillsdale-Oshtemo sandy loam 5-10% slopes, eroded
HknD2 HES Hillsdale-Oshtemo sandy loam 10-18% slopes, eroded
MfaB2-MfaC2 PHES | Martinsville loam 1-10% slopes, eroded
MmbC2 PHES | Miami loam 5-10% slopes, eroded
MmdC3 PHES | Miami clay loam 5-10% slopes, severely eroded
MmdD3 HES Miami clay loam 10-18% slopes, severely eroded
OkrC2 PHES | Oshtemo fine sandy loam 5-10% slopes, eroded
OkrD HES Oshtemo fine sandy loam 10-18% slopes
RoqC2 PHES | Riddles-Metea complex 5-10% slopes, eroded
RogD2 HES Riddles-Metea complex 10-18% slopes, eroded

* PHES=Potentially highly erodible soil; HES=Highly erodible soil

2.4.2 Soils Used for Septic Tank Absorption Fields

Nearly half of Indiana’s population lives in residences having private waste disposal systems. As is
common in many areas of Indiana, septic tanks and septic tank absorption fields are utilized for
wastewater treatment outside of Lakeville’s corporate boundaries, around Pleasant and Riddles
Lakes, and throughout the Pleasant and Riddles Lakes watershed. Additionally, some residents
within Lakeville have chosen to not be connected to the sewer system. Septic tank wastewater
treatment systems rely on the septic tank for primary treatment to remove solids and the soil for
secondary treatment to reduce the remaining pollutants in the effluent to levels that protect surface
and groundwater from contamination. The soil’s ability to sequester and degrade pollutants in septic
tank effluent will ultimately determine how well surface and groundwater is protected.

A variety of factors can affect a soil’s ability to function as a septic absorption field. Seven soil
characteristics are currently used to determine soil suitability for on-site sewage disposal systems:
position in the landscape, slope, soil texture, soil structure, soil consistency, depth to limiting layers,
and depth to seasonal high water table (Thomas, 1996). The ability of soil to treat effluent (waste
discharge) depends on four factors: the amount of accessible soil particle surface area, the chemical
properties of the soil particle’s surface, soil conditions like temperature, moisture, and oxygen
content, and the types of pollutants present in the effluent (Cogger, 1989).

The amount of accessible soil particle surface area depends both on particle size and porosity.
Because they are smaller, clay particles have a greater surface area per unit volume than silt or sand;
and therefore, a greater potential for chemical activity. However, soil surfaces only play a role if
wastewater can contact them. Soils of high clay content or soils that have been compacted often
have few pores that can be penetrated by water and are not suitable for septic systems because they
are too impermeable. Additionally, some clays swell and expand on contact with water closing the
larger pores in the profile. On the other hand, very coarse soils may not offer satisfactory effluent
treatment because the water can travel rapidly through the soil profile. Soils located on sloped land
also may have difficulty in treating wastewater due to reduced contact time.

Chemical properties of the soil surfaces are also important for wastewater treatment. For example,
clay materials have imperfections in their crystal structure which gives them a negative charge along
their surfaces. Due to their negative charge, they can bond cations of positive charge to their
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surfaces. However, many pollutants in wastewater are also negatively charged and are not attracted
to the clays. Clays can help remove and inactivate bacteria, viruses, and some organic compounds.

Environmental soil conditions influence the microorganism community which ultimately carries out
the treatment of wastewater. Factors like temperature, moisture, and oxygen availability influence
microbial action. Excess water or ponding saturates soil pores and slows oxygen transfer. The soil
may become anaerobic if oxygen is depleted. Decomposition process (and therefore, effluent
treatment) becomes less efficient, slower, and less complete if oxygen is not available.

Many of the nutrients and pollutants of concern are removed safely if a septic system is sited
correctly. Most soils have a large capacity to hold phosphate. On the other hand, nitrate (the end
product of nitrogen metabolism in a properly functioning septic system) is very soluble in soil
solution and is often leached to the groundwater. Care must be taken in siting the system to avoid
well contamination. Nearly all organic matter in wastewater is biodegradable as long as oxygen is
present. Pathogens can be both retained and inactivated within the soil as long as conditions are
right. Bacteria and viruses are much smaller than other pathogenic organisms associated with
wastewater; and therefore, have a much greater potential for movement through the soil. Clay
minerals and other soil components may adsorb bacteria and viruses, but retention is not necessarily
permanent. During storm flows, bacteria and viruses may become resuspended in the soil solution
and transported throughout the soil profile. Inactivation and destruction of pathogens occurs more
rapidly in soils containing oxygen because sewage organisms compete pootly with the natural soil
microorganisms, which are obligate acrobes requiring oxygen for life. Sewage organisms live longer
under anaerobic conditions without oxygen and at lower soil temperatures because natural soil
microbial activity is reduced.

Taking into account the various factors described above, the NRCS has ranked each soil series in the
Pleasant and Riddles Lakes watershed in terms of its limitations for use as a septic tank absorption
field. Fach soil series is placed in one of three categories: slightly limited, moderately limited, or
severely limited. Use of septic absorption fields in moderately or severely limited soils generally
requites special design, planning, and/or maintenance to overcome the limitations and ensure
proper function. Figure 10 displays the septic tank suitability of soils throughout the Pleasant and
Riddles Lakes watershed, while Table 5 lists the soils located within the watershed and their
associated properties. Soils severely limited for use a septic tank absorption fields cover nearly 52%
of the watershed (3,992 acres or 1,616 ha), while moderately limited soils cover an additional 46% of
the watershed (3,583 acres or 1,450 ha). Less than 2% of the Pleasant and Riddles Lakes watershed
is covered by soils that are only slightly limited for use as septic tank absorption fields.
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Table 5. Soil septic tank suitability within the Pleasant and Riddles Lakes watershed.

Depth to High | Suitability for Septic Tank Absorption
Symbol Name Water Table | Field
ABhAN Adrian muck 01 ft. Severe: poor filter, ponding, seasonal high
water table
BbmA Baugo silt loam 1-3 ft. Severe: poor filter, seasonal high water table
BuuA Brookston loam 01 ft. Severe: ponding, seasonal high water table,
percs slowly
CnbB Coloma sand >0 ft. Severe: poor filter
CvdA-CvdB | Crosier loam 1-3 ft. Severe: seasonal high water table
DcrA Del Rey silty clay loam 1-3 ft. Severe: seasonal high water table
GesA Gilford sandy loam 01 fe Severe: ponding, poor filter, seasonal high
water table
HkkA- .
kKB Hillsdale sandy loam >0 ft. Moderate: percs slowly
HknC2 Ifol;lrllsldale—Oshtemo sandy >0 ft. Moderate: percs slowly; Severe: poor filter
HknD2 Hillsdale-Oshtemo sandy ~6 ft. Moderate: percs slowly; Severe: slope, poor
loam filter
HtbAN; Severe: ponding, seasonal high water table,
HtbAU Houghton muck 0-1 ft. subsidence
MfaA Martinsville loam >0 ft. Moderate: percs slowly
MfaB2- L
MfaC2 Martinsville loam >0 ft. Moderate: percs slowly
MmbC2 Miami loam 2-3.5 ft. Severe: seasonal high water table
MmdC3 Miami clay loam 2-3.5 ft. Severe: seasonal high water table, slope
MmdD3 | Miami clay loam 2-3.5 ft. Severe: seasonal high water table, slope
MouA Milford silty clay loam 235 fi. Severe: ponding, seasonal high water table,
percs slowly
MvhAN Moston muck, drained 0.5-1.3 ft. Severe: percs slowly, ponding, seasonal high
water table
OkrA-OkrB | Oshtemo fine sandy loam >0 ft. Severe: poor filter
OkrC2 Oshtemo fine sandy loam >0 ft. Severe: poor filter
OktD Oshtemo fine sandy loam >0 ft. Severe: poor filter, slope
PaaAN; Severe: ponding, seasonal high water table,
PaaAU Palms muck 0-1 ft. subsidence
Pmg Pits, Gravel - -
PxIA Psammaquents 0.5-1.35 ft. Severe: seasonal high water table
RenA Rensselacr mucky loam 01 ft. Severe: percs slowly, ponding, seasonal high
water table
ReyA Rensselacr loam 0-1 ft. Severe: percs slowly, ponding, seasonal high
water table
RopA- Riddles-Oshtemo fine ) ) )
RopB sandy loam >0 ft. Moderate: percs slowly; Severe: poor filter
RogB Riddles-Metea complex >0 ft. Moderate: percs slowly; Severe: poor filter
RoqC2 Riddles-Metea complex >0 ft. Moderate: percs slowly; Severe: poor filter
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Depth to High | Suitability for Septic Tank Absorption
Symbol | Name Water Table | Field
RogD2 | Riddles-Metea complex >6 ft. Sfooliemt@ peres slowly; Severe: poor filter,
SdzA Selfridge-Crosier complex 1-3 ft. S§vere: peres slowly, poor filter, scasonal
high water table
TxuB Tyner loamy fine sand >0 ft. Severe: poor filter
WrxAN Wupabuna silt loam, 0-1 ft. Severe: ponding, seasonal high water table
drained
WtbA Whitaker loam 0.5-1.7 ft. Severe: seasonal high water table
WuiB Williamstown-Moon 1525 ft. Severe: percs slowly, seasonal high water
complex table

Source: NRCS, 2004.

While all septic system use in the Pleasant and Riddles Lakes watershed has the potential to impact
the water quality of Pleasant and Riddles Lakes, the ability of the soil immediately adjacent to each
of these lakes to treat septic effluent has a more direct effect on the lakes’ water quality than the
ability of the soil in other areas of the watershed. For example, the soils directly adjacent to the
Pleasant Lake have a more direct effect on Pleasant Lake than the soils in other areas of the
watershed. Likewise, the soils directly adjacent to Riddles Lake have a more direct effect on the
water quality within Riddles Lake. Therefore, the following discussion focuses on the soils adjacent
to Pleasant, Fites, and Riddles Lakes, respectively.

Pleasant and Fites Lakes

Figure 11 shows the soil units surrounding Pleasant and Fites Lakes, while Table 6 summarizes the
soils’ suitability for use as septic tank absorption fields. Following Table 6 is a short description of
the soils listed in the table.

Table 6. Soil types adjacent to Pleasant and Fites Lakes and their suitability to serve as a
septic tank absorption field.

Depth to High | Suitability for Septic Tank
Symbol Name Water Table | Absorption Field
HknC2 Hillsdale-Oshtemo sandy loam >0 ft. Moderate: percs slowly;
Severe: poor filter
Severe: ponding, seasonal
+0.5-
HIbAN Houghton muck 051t high water table, subsidence
OkrB Oshtemo fine sandy loam >0 ft. Severe: poor filter
Severe: ponding, seasonal
PaaAN Palms muck 0-1 £t high water table, subsidence

Source: NRCS, 2004.
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Figure 11. Soil series bordering Pleasant and Fites Lakes.
Source: See Appendix A.

Hillsdale-Oshtemo sandy loam (HknC3) soils are found on gently to strongly sloping hillsides of
uplands. Fluid movement through the soil type is moderately slow. The slow permeability and poor
filtration capacity generally inhibit complete waste treatment. The slow permeability of Hillsdale-
Oshtemo sandy loam soils is a result of soil formation and aging processes.

Houghton muck soils (HtbAN) are nearly level, pootly drained soils. This soil is generally covered
by shallow water most of the year, and in some years, it is continually covered. Because of the
ponding, this soil is unsuitable for septic tank absorption fields. The NRCS (2003) characterizes this
soil as optimal for wildlife habitat but poor for all other uses. These soils are absolutely unsuitable
for sanitary facilities due to ponding and permeability issues. Because these soils generally occupy
some of the lowest points on the landscape, pumping systems are necessary for adequate drainage.

Palms muck (PaaAN) soils are pootly drained, organic soils found in depressional areas and on
outwash plains. Typically, these soils are located adjacent to lakes and streams. Shallow water
generally covers them for some portion of the year. The NRCS (2003) characterizes these soils as
optimal for wildlife habitat but poor for all other uses. These soils are absolutely unsuitable for
sanitary facilities due to ponding and permeability issues. Because these soils generally occupy some
of the lowest points on the landscape, pumping systems are necessary for adequate drainage.
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Rapid permeability impairs the ability of Oshtemo fine sandy loam (OkrB) soils to serve as septic
absorption fields. Permeability is moderate in the subsoil and very rapid in the underlying material.
Due to the rapid permeability of these soil types, they do not provide adequate filtering capability for
septic tank absorption fields and may cause pollution of the ground water.

As shown in Table 6, all of the soils that border Pleasant and Fites Lakes are moderately to severely
limited for use as a septic tank absorption field. Only two residences are located along the shoreline
of Pleasant Lake, while the shoreline of Fites Lake remains undeveloped. The residences along
Pleasant Lake’s shoreline are located within Houghton muck (HtbAN) and Oshtemo fine sandy
loam (OktB) soils. Septic fields placed in these soils typically require larger leach fields to overcome
the ponding and permeability issues associated with these soils. Unfortunately, enlarging the existing
septic leach fields or creating new leach fields, if sufficient room exists, may be too costly. At a
minimum, residents in existing homes should take steps to propertly care for their septic tanks
annually, avoiding the disposal of household chemicals that may kill soil bacteria, and implementing
water conservation measures to alleviate strains on the system. If the remaining portions of the
Pleasant Lake shoreline or any portion of the Fites Lake shoreline become developed, then residents
should take extra care in septic leach field placement and sizing. However, because these shorelines
remain largely undeveloped, septic system leaching does not impact water quality in Pleasant or Fites
Lakes at this time.

Riddles Lake

Figure 12 shows the soil units surrounding Riddles Lake, while Table 7 summarizes the soils’
suitability for use as septic tank absorption fields. Following Table 7 is a short description of the
soils listed in the table.

Table 7. Soil types adjacent to Riddles Lake and their suitability to serve as a septic tank
absorption field.

Depth to High | Suitability for Septic Tank
Symbol Name Water Table | Absorption Field
GcezA Gilford sandy loam 0-1 ft. Severe: p opdmg, poor filter,
seasonal high water table
BuuA Brookston loam 01 ft. Severe: ponding, seasonal high
water table, percs slowly
b AN Houghton muck 01 ft Severe: pondlng,.seasonal high
water table, subsidence
MmdC3 Miami clay loam 2.3.5 ft. Severe: seasonal high water table,
slope
PaaAN Palms muck 01 ft Severe: pondmg,'seasonal high
water table, subsidence
ReyA Rensselaer loam 0-1 ft. Severe: peres slowly, ponding,
seasonal high water table

Source: NRCS, 2004.
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MMDOE

Figure 12. Soil series bordering Riddles Lake.
Source: See Appendix A.

Gilford sandy loam (GczA), Brookston loam (BuuA), and Rensselaer loam (ReyA) soils are very
poortly drained soils which are frequently ponded. The ponding severely limits these soils for siting
septic tank absorption fields. The water table is typically near the soil surface in winter and spring
months. Proper septic system function in these soils is severely limited because the soil tends to
remain wet and does not readily absorb liquid waste.

Houghton muck soils (HtbAN) are nearly level, poorly drained soils. This soil is generally covered
by shallow water most of the year, and in some years, it is continually covered. Because of the
ponding, this soil is unsuitable for septic tank absorption fields. Fortunately, most of the septic
systems in the Pleasant and Riddles Lakes watershed are not located in these soils. The NRCS
(2003) characterizes this soil as optimal for wildlife habitat by poor for all other uses. These soils are
absolutely unsuitable for sanitary facilities due to ponding and permeability issues. Because these
soils generally occupy some of the lowest points on the landscape, pumping systems are necessary
for adequate drainage.

Seepage of septic effluent due to soil slope and seasonal high water table limits the usage of Miami
clay loam (MmdC3) soils as septic tank absorptions fields. Building the system on the ridge top or
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level contours or using an enlarged absorption field allows for these systems to be used for septic
treatment.

Palms muck (PaaAN) soils are poorly drained, organic soils found in depressional areas and on
outwash plains. Typically, these soils are located adjacent to lakes and streams. Shallow water
generally covers them for some portion of the year. The NRCS (2003) characterizes these soils as
optimal for wildlife habitat but poor for all other uses. These soils are absolutely unsuitable for
sanitary facilities due to ponding and permeability issues. Because these soils generally occupy some
of the lowest points on the landscape, pumping systems are necessary for adequate drainage.

As shown in Table 7, all of the soils surrounding Riddles Lake are moderately to severely limited in
their use as a septic tank absorption field. Currently, most of the residences are located at the eastern
shoreline with one additional residence in the northwestern corner of the lake. These soils are
mapped as Gilford sandy loam (GczA) and Rensselaer loam (ReyA) soils. Septic fields placed in
these soils typically require larger leach fields to overcome the ponding and slow permeability. At a
minimum, residents in existing homes should take steps to propetly care for their septic systems
such as pumping their septic tanks annually, avoiding the disposal of household chemicals that may
kill soil bacteria, and implementing water conservation measures to alleviate strain on the system.

St. Joseph County Health Department records document multiple (14) failed septic systems within
the Pleasant and Riddles Lakes watershed from 1994 to 2001 (St. Joseph County Health
Department, personal communication). All of the documented failures are located in soils mapped
in the Houghton-Adrian-Palms soil association. As detailed above, Houghton-Adrian-Palms soils
possess high water tables, are poorly drained, and are severely limited for use as septic tank
absorption fields. Many of the failed septic systems are located along Lake Trail north and east of
Riddles Lake. All of these septic systems have been repaired or updated following the documented
failure (MWH, 2002). Figures documenting the location of septic system failures and subsequent
repairs are included in Appendix B. Montgomery Watson Harza determined that Lakeville and the
surrounding area including Pleasant and Riddles Lakes was an area of concern; however, data
collected from this vicinity was insufficient to determine if septic system problems were site specific
or if they were representative of an area-wide problem (MWH, 2002).

The Town of Lakeville is sited on soils that are moderately to severely limited for septic tank
absorption fields. However, the town operates and maintains an individual wastewater treatment
facility throughout the year. The facility treats wastewater from 277 homes or 91% of the residences
within the incorporated boundaries of Lakeville (MWH, 2002). In order to treat the resident’s
wastewater, the facility utilizes a stabilization pond treatment system prior to discharging treated
effluent. The facility is permitted to discharge 130,000 gallons of treated wastewater to Shidler-
Hoffman Ditch, which is located outside of the Pleasant and Riddles Lakes watershed east of
Lakeville (MWH, 2002). The facility’s permits include concentration and load requirements for total
suspended solids, ammonia-nitrogen, pH, biological oxygen demand, and dissolved oxygen. No
permit violations were recorded for the facility from January 2004 through June 2005 (USEPA,
2005). However, there is some evidence (discussed in further detail in the Stream Results Section)
that the lift stations may be leaking or over-flowing during storm events and not working at full
capacity at all times.
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2.5 Natural History

Geographic location, climate, topography, geology, soils, and other factors play a role in shaping the
native floral (plant) and faunal (animal) communities in a particular area. Various ecologists (Deam,
1921; Petty and Jackson, 1966; Homoya et al., 1985; Omernik and Gallant, 1988) have divided
Indiana into several natural regions or ecoregions, each with similar geographic history, climate,
topography, and soils. Because the groupings are based on factors that ultimately influence the type
of vegetation present in an area, these natural areas or ecoregions tend to support characteristic
native floral and faunal communities. Under many of these classification systems, the Pleasant and
Riddles Lakes watershed lies at or near the transition between two or more regions. For example, the
watershed lies at the western boundary separating Homoya’s Northern Lakes Natural Area to the
east from the Grand Prairie Natural Area to the west. Similarly, the Pleasant and Riddles Lakes
watershed lies in Omernik and Gallant’s Central Corn Belt Plains Ecoregion immediately west of
Southern Michigan/Northern Indiana Till Plains Ecoregion. As a result, the native floral community
of the Pleasant and Riddles Lakes watershed likely consisted of components of neighboring natural
areas and ecoregions in addition to components characteristic of the natural area and ecoregion in
which it is mapped.

Homoya et. al (1985) noted that prior to European settlement, the region was a mixture of
numerous natural community types including bog, fen, marsh, prairie, sedge meadow, swamp, seep
spring, lake and deciduous forest. The dry to dry-mesic uplands, like the areas of higher elevation in
the western portion of the watershed, were likely forested with red oak, black oak, shagbark hickory,
and pignut hickory. More mesic areas, like those along the U.S. 31 corridor, probably harbored
beech, sugar maple, black maple, and tulip poplar with sycamore, American elm, red elm, green ash,
silver maple, red maple, cottonwood, hackberry, and honey locust dominating the floodplain forests.
Historical records support the observation that prior to European settlement of Union Township
dense forests vegetated by walnut, oak, ash, and hickory and large tracts of fertile prairie and low
swampy marshes covered the Pleasant and Riddles Lakes watershed (Chapman, 1880; IDNR, 1990;
Historic Preservation Commission, 2000). Chamberlain (1849) described the area as pleasantly
rolling with hickory or burr oak barrens, oak openings, heavy timber, wet or dry prairie, and marsh.
Hickory, maple, beech, elm, walnut, butternut, and red and black oak dominated the heavily wooded
portions of the region (Chapman, 1880; Howard, 1907; Petty and Jackson, 1966; Omernik and
Gallant, 1988; Historic Preservation Commission, 2000). Petty and Jackson (1966) list pussy toes,
common cinquefoil, wild licorice, tick clover, blue phlox, waterleaf, bloodroot, Joe-pye-weed,
woodland asters, woodland goldenrods, wild geranium, and bellwort as common components of the
forest understory in the watershed’s region.

Wet habitat (ponds, marshes, and swamps) covered large portions of the Pleasant and Riddles Lakes
watershed. Union Township, once considered a useless tract of land, was generally a large pond with
isolated tracts of dry land (Chapman, 1880). The hydric soils map indicate that wetland habitat
existed throughout much of the Pleasant and Riddles Lakes watershed including most of the eastern
portion of the watershed and along the length of Heston Ditch. These wet habitats supported very
different vegetative communities than the drier portions of the landscape. Swamp loosestrife,
cattails, soft stem bulrush, marsh fern, marsh cinquefoil, pickerel weed, arrow arum, and sedges
dominated the marsh habitat throughout the watershed. Swamp habitat likely covered most or all of
the shallow depressions in the watershed. Typical dominant swamp species in the area included red
and silver maple, green and black ash, and American elm (Homoya et al., 1985).
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In the late 1830s, the Michigan Road was constructed from Lake Michigan (via South Bend) to
Madison, Indiana. By the mid-1840s, the town of Lakeville had developed as a stopping point
between Logansport and South Bend (Howard, 1907). The town continued to develop as the
Michigan Southern and Northern Indiana; the Indiana, Illinois, and Iowa; the Vandalia; and the
Wabash Railroads connected Lakeville with Chicago, Toledo, and Detroit. By 1880, a sawmill, a
gristmill, and several stores cemented Lakeville’s place in the growth and development of St. Joseph
County (Historic Preservation Commission, 2000).

Development of Union Township was somewhat slower than that observed in and around Lakeville.
Many of the soils throughout the township were considered unfavorable for residential or
agricultural uses due to heavy timber and marsh cover. Individuals began clearing the rolling hills
within the western portion of the township in the 1840s. Forests continued to be cleared and more
marshes disappeared as more of Union Township was settled (Chapman, 1880). Laws passed in
1850 aimed at reclaiming the land around the Kankakee River through levee construction and
draining the adjacent soils were utilized to regulate drainage in other portions of St. Joseph County,
including much of Union Township (Historic Preservation Commission, 2000). Once drained and
cleared, the strong, fertile, clay soils created choice farm ground which was soon settled and used to
produce wheat, corn, oats, potatoes, and fruit and to raise beef cattle, hogs, and sheep (Benton,
1977). Remnants of natural prairie, forest, and wetland are scattered in isolated patches throughout
the area (IDNR, 1990).

2.6 Land Use

Just as soils, climate, and geology shape the native communities within the watershed, how the land
in a watershed is used can impact the water quality of a waterbody. L.and use can have a significant
impact on water quality since different land use types receive different pollutants and have different
capacities for retaining and/or assimilating pollutants. For example, residential areas are often
subject to high rates of fertilizer application, whereas forests often receive little human-applied
fertilizer. Residential areas do not have the same capacity as forests to assimilate pollutants that
reach the landscape. Forested and other vegetated landscapes assimilate nutrients that reach these
areas via plant growth. Land uses with high amounts of impervious surfaces have reduced, or in
extreme cases, no ability to retain or assimilate pollutants.

Pollutants that cannot be assimilated by the landscape leave the landscape during rain events.
Researchers have examined the pollutant loss from different landscapes and developed pollutant
export coefficients for different landscapes. Pollutant export coefficients are a measure of the rate a
pollutant is lost from a landscape per unit area of the landscape. To illustrate how different land
types assimilate pollutants, Table 8 presents some mid-range phosphorus export coefficients for
different land use types. (Phosphorus was selected for this illustration since it is one of the pollutants
of critical concern in lakes. Phosphorus is the nutrient that typically controls algae and rooted plant
growth in aquatic ecosystems.) As shown in Table 8, high and low density residential land,
commercial land, agricultural land, and golf courses have relatively high phosphorus export rates
compared to more natural landscapes such as wetlands, forests, and old fields. The export
coefficients provided in Table 8 are simply estimates. The use of best management practices, such
as filter strips on agricultural land or stormwater infiltration trenches on commercial land, can
reduce the export of pollutants to adjacent waterways or lakes.
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Table 8. Mid-range phosphorus export coefficients.

Land Use Phosphorus Export Coefficient (kg/ha-yr)
Agricultural 1.0
EM/SS Wetland 0.1
Emergent Wetland 0.1
Forested 0.2
High Density Residential 2.5
Low Density Residential 0.8
Open Space 0.2
Open Water 0.0
High Density Commercial 2.5
Low Density Commercial 1.5
Old Field 0.2
Golf Course 1.5

Source: Reckhow et al. 1980 and Reckhow and Simpson, 1980.

Several researchers have also examined the impact of specific urban and suburban land uses on
water quality (Bannerman et. al, 1993; Steuer et al., 1997; Waschbusch et al., 2000). Bannerman et al.
(1993) and Steuer et al. (1997) found high mean phosphorus concentrations in runoff from
residential lawns (2.33 to 2.67 mg/L) and residential streets (0.14 to 1.31 mg/L). These
concentrations are well above the threshold at which lakes might begin to experience algae blooms.
(Lakes with total phosphorus concentrations greater than 0.03 mg/L will likely experience algae
blooms.) Finally, the Center for Watershed Protection has estimated the association of increased
levels of impervious surface in a watershed with increased delivery of phosphorus to receiving
waterbodies (Caraco and Brown, 2001). Land use directly affects the amount of impervious surface
in a watershed. Because of the effect watershed land use has on water quality of the receiving lakes,
mapping and understanding a watershed’s land use is critical in directing water quality improvement
efforts.

2.6.1 Riddles Lake Watershed

Table 9 and Figure 13 present current land use information for the Riddles Lake watershed. (Land
use data from the U.S. Geological Survey (USGS) forms the basis of Figure 13. Corrections to the
Indiana Land Cover Data Set were made based on 2003 aerial photographs.) Like many Indiana
watersheds, agricultural land use dominates the Riddles Lake watershed accounting for
approximately 68% of the watershed. Row crop agriculture makes up the greatest percentage of
agricultural land use at 53% while pastures or hay vegetate another 15%. Most of the agricultural
land in the Riddles Lake watershed and throughout St. Joseph County (USDA, 2002) is use